The objective of this study was to evaluate the physiological quality allied to biochemical quality of lettuce seeds by germination and enzymes expression at 20, 25, 30, 35, 40 and 42ºC. Germination speed index and percentage of germination were estimated. Isoenzyme expressions were assessed by alcohol dehydrogenase (ADH), malate dehydrogenase (MDH), catalase (CAT), esterase (EST), pyruvate decarboxylase (PDC) and glutamate oxaloacetate transferase (GOT). The experiment consisted of a completely randomized design in a factorial scheme 4x6, with four cultivars and six different temperatures, with four replications. The highest germination and vigor were observed for cv. 'Everglades' at 35°C, which proved that this cultivar is thermotolerant. Catalase can be considered a genetic marker for the identification of thermotolerant lettuce cultivars. Cultivar 'Everglades' has potential to be used in lettuce breeding programs aimed at cultivars tolerant to high temperatures during germination.
INTRODUCTION
Lettuce (Lactuca sativa L.) is a species of high economic value, and has been appreciated by the world's population, usually as salads and in sandwiches.
Lettuce production has become easier in several regions due to the modernization of agriculture; however, there are still strong limitations. Most of the commercialized cultivars is sensitive to heat, which results in the emission of early flower stem.
Seeds of most lettuce cultivars are susceptible to thermoinhibition, or failure to germinate at temperatures above approximately 28°C, creating problems for crop establishment in the field. Identifying genes controlling thermoinhibition would enable the development of cultivars lacking this trait and, therefore, being less sensitive to high temperatures during planting (YOONG et al., 2016) .
In general, temperatures above 30°C affect the germination and trigger seed dormancy. Thus, since high temperatures all over the year is predominant in most regions of Brazil, germination of lettuce seeds can be reduced, which consequently affects stand field.
The impairment of lettuce seeds during germination may occur under conditions of high temperatures by thermoinhibition, which is a reversible process, i.e., at the reduced temperature. On the other hand, complete inhibition of germination may also occur, which is denominated thermodormancy (KOZAREWA et al., 2006) .
Everglades were used to evaluate the performance of pelleted and bare seeds of lettuce under different germination temperatures at 17 to 19ºC, 21 to 23ºC, 25 to 28ºC, 30 to 32ºC, 34 to 38ºC. The cultivar Everglades showed a higher germination, especially with pelleted seeds (ZUFFO et al., 2017) .
The mechanism of action for lettuce seeds germination at high temperatures seems to be related to the weakening of the endosperm, which allows the embryo to grow at elevated temperatures. The first hours of imbibition are critical for germination under high temperature conditions, since the embryo is fully included in the endosperm, where the radicle must penetrate to grow and complete the germination process (NASCIMENTO, 2003; NASCIMENTO et al., 2004) .
The endosperm is the main tissue that prevents embryo growth in lettuce seeds, and for germination it is necessary that the embryo breaks the physical barriers that surround it (SUNG et al., 2008) . The activity of enzymes weakens the cell walls that surround the embryo, making possible their development (CATÃO, 2014) . Therefore, it is important to analyze the enzymes related to lettuce seed germination under optimum and critical temperature, and to observe differences in electrophoretic profiles that may assist in identifying thermotolerant genotypes.
The seed physiology in lettuce seeds can be evaluated using isoenzymes submitted to different conditions and storage periods. The lettuce cultivar Everglades, Babá de Verão, Elisa, Grand Rapids were tested under four storage periods (30, 60, 90 and 120 days), on three storage rooms (15, 25 and 35°C) . The physiological quality was evaluated by first and final germination count, emergence, and germination and emergence speed indexes. The isoenzyme expression of catalase (CAT), esterase (EST), alcohol dehydrogenase (ADH) and malate dehydrogenase (MDH). The high room temperatures associated with higher storage periods cause a reduction in physiological quality and alterations in enzymatic patterns of CAT, EST, ADH and MDH. The lettuce cultivars, especially Everglades, have different levels of tolerance to storage and isozyme expressions (CATÃO et al., 2016) .
The aim of this study was to evaluate the physiological quality and the differences in the biochemical activity of enzymes of lettuce seeds germinated under stress of different temperatures.
MATERIAL AND METHODS
The cultivars tested were 'Babá de Verão' (white seeds), 'Elisa', 'Grand Rapids' (black seeds) and 'Everglades' (black seeds); the latter was determined as thermotolerant (NASCIMENTO et al., 2001; KOZAREWA et al., 2006; CATÃO et al., 2014) . Although they are cultivars that are basically no longer planted, they are still as source of germplasm for crosses in lettuce breeding programs.
Seeds were produced in a protected environment (Ijaci City -latitude 21°9'24"S, longitude 44°55'34"W, altitude of 889 m) Minas Gerais, during the summer of 2015. After harvesting, seeds were dried until they reached 8% water content and storage at cold chamber.
The evaluation of physiological and biochemistry quality was initially carried out in order to verify the water content determined at 105ºC for 24 hours (BRASIL, 2009 ).
Determination of water content
It was performed before the beginning of the tests the determination of water content in air circulation oven method at 105°C for 24 hours, accordance with the Rules for the Seeds (Brazil, 2009) . The results were expressed as percentage.
Speed and percentage of germination
Eight replicates of 25 seeds for each cultivar were placed on the in transparent plastic boxes (11x 11 x 3 cm), on two sheets bellow and one above blotting paper and moistened with an amount of water equivalent to 2.5 times the mass of the dried substrate. At boxes with the seeds were placed in a germination chamber type BOD under alternated light every 12 h, at 20, 25, 30, 35, 40 and 42°C. Germination was evaluated on the fourth and seventh days, computing the average number of seedlings following established criteria in the Rules for Seed Analysis (Brazil, 2009) . The speed index of germination was calculated according to expression proposed by Maguire (1962) . The percentage of germination was calculated according to the number of normal seedlings obtained seven days after test installation.
Enzymes analysis
For the analysis of the enzymes alcohol dehydrogenase, malate dehydrogenase, catalase, esterase, pyruvate decarboxylase and glutamate oxalacetate transferase were extracted using 250 mL of extraction buffer (Tris-HCl 0.2 M pH 8; 0.1% β-mercaptoethanol) in 100 mg macerated seeds. Fifty mL aliquots for each sample were carried out by electrophoresis in polyacrylamide gels with buffer/electrode system of Tris-glycine, pH 8.9. The enzyme profile was revealed by specific substrates (ALFENAS, 2006) . Differences in enzymes profiles were analyzed for each band allele density by pixels, using the software ImageJ (RASBAND, 2016) .
Germination data were previously subjected to normality tests and homoscedasticity of variance, followed by ANOVA, and means were compared by the Tukey test at 5% probability (FERREIRA, 2011) .
RESULTS AND DISCUSSION
The moisture content of the seeds ranged from 5.2 to 6.3%, as described by Barbosa et al. (2011) and Catão et al. (2014) , using different lots of lettuce seeds.
There were significant differences among cultivars germinated at different temperatures (p<0.05) (TABELA 1).
At 20°C, 70% of normal seedlings were observed for all cultivars. At 25°C, less than 70% (KOZAREWA et al., 2006; CATÃO et al., 2014) . There was no germination for all cultivars for temperatures above 40°C, which was also reported by other authors (NASCIMENTO et al., 2012) , who observed null germination for most lettuce genotypes in temperatures above 30°C. For all cultivars, germination percentage decreased from 20°C to 35°C, with reduction of 29% for 'Everglades', 81% for 'Grand Rapids', 74% for 'Elisa', and 73% for 'Babá de Verão'. Raises of temperature affected the quality of seeds; however, it affected on a small-scale for 'Everglades'. Vigor tests assist in the distinction between seeds with germination defined by commercial standards (KIKUTI & MARCOS FILHO, 2012) . 'Everglades' and 'Elisa' achieved values of germination above the average commercial standard at the fourth day of evaluation. However, at 25°C, higher vigor was observed only for 'Everglades'. Intermediate germination rate was observed for 'Elisa' and 'Babá de Verão', followed by 'Grand Rapids', which presented low vigor. Table 1 . Germination (%) at the seventh day, first count (%), germination (%) at the eleventh day, germination speed, and germination speed index for lettuce cultivars (Lactuca sativa L.)
Means followed by the same lowercase letter in the rows, and by the same uppercase letters in the columns do not differ by the Tukey test at 5% probability.
The performance of 'Everglades' at 30ºC was maintained above the minimum established for commercial germination standard. Therefore, this cultivar can be used as control for the determination of the value for cultivation and use, when compared with other genotypes. Emission of radicule for 'Elisa' and 'Babá de Verão' was observed for germination on the seventh day. Reduction rate in germination occurs after increases of 5°C from 20°C and 25°C, except for 'Everglades' and 'Grand Rapids'. According to Nascimento (2003) , the optimum temperature to achieve normal lettuce seedlings is approximately 20°C.
However, when comparing the germination of 'Elisa' and 'Babá de Verão' on the seventh and eleventh day, germination increased at 20ºC, 25ºC and 30ºC, which shows that these cultivars could germinate, which may result in uniformity of seedling establishment.
These results evidence that the evaluation of the germination on the eleventh day did not result in germination at 40°C and 42°C, which imposes seed dormancy.
For all cultivars, the best germination speed was observed at 20°C. Even though 25°C and 30°C were optimum temperatures for the germination of 'Everglades', germination rate was kept, which proved that this cultivar is thermotolerant.
Despite the reduction in germination rate at 35°C, few days are necessary for the germination of 'Everglades' in comparison with other cultivars. Bertagnolli (2003) provides similar results with pelleted lettuce seeds, cv. 'Karla'.
High temperature decreased the vigor for all cultivars. Normal seedlings did not develop above 35°C, according to Catão et al. (2014) , who analyzed the effect of temperature on 'Everglades', 'Babá de Verão', 'Elisa', 'Luiza', 'Grand Rapids', 'Hortência', 'Salinas 88', and Rubete.
Changes in temperature during germination may result in accelerated process of plant deterioration, reducing seed quality; and it can also interfere with the quality of the end product, as in the case of lettuce leaves.
Deterioration is a process determined by a number of physiological, biochemical, physical and cytological processes, beginning at fertilization, in a progressive manner, in such way that decreases quality, and culminates in seed or plant death (MARCOS FILHO, 2015) .
Seed germination led to the metabolism of different enzymes, which aimed at embryonic growth. These biochemistry markers can distinguish the changes in the cell membrane system. Esterase catalyzes the hydrolysis of several esters. These markers are widely distributed in multiple forms in plants. Allelic variations lead to different concentration, since intensity changes among different treatments.
In this study, esterase was the marker with the highest activity for 'Everglades', 'Grand Rapids' and 'Babá de Verão' at 42°C, except for 'Elisa', with higher activity at 30°C. However, low activity was identified for 'Everglades', at 20°C; for 'Grand Rapids', at 25°C; for 'Elisa', at 42°C; and for 'Babá de Verão', at 30ºC (Figure 1 ).
Figure 1. Profile of the esterase (EST) enzyme using lettuce seeds germinated under diferente temperatures (ºC).
Lipid peroxidation is a primary cause of seed membrane damage. Changes in esterase patterns indicate deteriorative events, which can contribute to the reduction of germination.
With the increase of temperature, esterase presented similar kinetics for 'Babá de Verão' and 'Everglades'. Similar behavior was reported for 'Grand Rapids' and 'Elisa'; however, the profiles for each cultivar pair were different. 'Everglades' seeds presented different behavior for catalase, i.e., they presented high activity at 20°C, intermediate variation values from 25ºC to 40°C. This may be associated with the antioxidant action for thermotolerance events (Table  2) . Germination temperatures… ALMEIDA, F. A. et al. Est -Esterase (Est -Esterase); Cat -Catalase (Cat -Catalase); Got -Glutamate oxaloacetate transferase (Got -Glutamato oxaloacetato transferase); Mdh -malate dehydrogenase (Mdh -Malato desidrogenase); Adh -alcohol dehydrogenase (Adh -Álcool desidrogenase); Pdc -pyruvate decarboxylase (Pdc -Piruvato descarboxilase). * Alleles with lower density and ** alleles with higher density (* alelos com menor densidade e ** alelos com maior densidade).
Catalase-like activity was identified at 20°C and 25°C for all cultivars (Figure 2) . This enzyme catalyzes the decomposition of hydrogen peroxide (H202). Catalase (CAT) and peroxidase are present in dry seeds. Thus, the reduction in the expression of this enzyme may result in the decrease in the prevention of oxidative damage. High temperatures during germination reduce the activity of CAT, mainly during photorespiration, and lead to the accumulation of oxidized glutathione (FOYER & NOCTOR, 2003) .
This event occurred for all lettuce seeds when using high temperatures during germination. Seed deterioration may be a consequence of cumulative membrane deterioration due to the increasing level of lipid peroxidation.
Seeds under high temperatures during germination decreased the activity of this enzyme, 1148 Germination temperatures… ALMEIDA, F. A. et al. as in the case of cultivars 'Elisa' and 'Babá de Verão'. Since catalase acts as scavenger enzyme, i.e., peroxides remover, the lack of activity of this enzyme may be explained by the fact that seeds germinated outside their optimum temperature range, which could adversely have accumulated more peroxides during the embryo development, i.e., during germination. Results observed in this study reinforce those of Nakada et al. (2010) , who found increased lipid peroxidation with increased seed deterioration. Thus, reducing the activity of catalase (CAT) can make seed more sensitive to the effects of free radicals, and enhance the release of peroxide in the cells, with loss of seed viability.
For 'Everglades', 'Grand Rapids' and 'Babá de verão', the highest activity of glutamate oxalacetate transferase (GOT) occurred at temperatures from 30°C to 35°C; for 'Elisa', the highest activity occurred at 42°C (Figure 3) . The increase in metabolic activity of seeds under highest temperature, with the increase in the temperature may lead to deterioration due to the increase in the expression of the enzyme glutamate oxaloacetate transferase, which is responsible for the oxidation of amino acids, reduction of α-ketoglutarate for the synthesis of new amino acids, minimizing the energy supply for the Krebs cycle and to the developing embryo. Glutamate participates in the aminoacid metabolism. Furthermore, this enzyme is linked to nitrogen metabolism and protein synthesis during embryo growth recovery process (MALONE et al., 2007; PEDÓ, 2015) , and is also involved in the respiratory process of seeds (MUNIZ et al., 2007) . Since the activity of transaminases is stimulated under stress conditions, these enzymes may possibly be acting in the direction of deamination to provide amino acids, especially glutamine, for the common N pool. Therefore, it may be interpreted that the resulting amino acids were substrates for GOT and thus inducing enzyme activity for nitrate assimilation, translocation, and assimilation between the source and the sink (ASTHIR; TAK, 2017).
The highest activity of this enzyme occurs at temperatures between 20°C and 30°C, which could be related to synthesis of amino acids on the metabolic pathway during germination. Tunes et al. (2011) worked with two barley cultivars harvested in three seasons, and observed that seedlings showed no activity in cultivars harvested at 118 days after sowing (DAS). When harvest was carried out at 129 DAS, the enzyme was present only in 'Scarlett' cultivar. However, at 140 days, GOT was observed in both cultivars.
Due to the impact of several stress conditions, and to seed aging on the expression of antioxidant enzymes and gene activity, in recent years, these genetic and biochemical tools have been used as seed quality markers. However, there are some reports indicating that aging seeds under different temperatures affect the activities of enzymes not classified as antioxidant, such as β-amylase and malate dehydrogenase (TSANIKLIDIS et al., 2015) .
Malate dehydrogenase (MDH) presented the highest activity for 'Everglades' at 35ºC; for 'Grand Rapids' at 30°C; for 'Elisa' at 20°C; and for 'Babá de Verão' at 42ºC (Figure 4) .
MDH catalyzes the oxaloacetate malate reaction of the Krebs cycle, and is responsible for providing energy to catalyze the conversion of triglycerides stored in glucose and other essential metabolites for germination (PÉDO, 2015) . Therefore, this enzyme can act on metabolic processes, generating energy for seed germination. Germination temperatures… ALMEIDA, F. A. et al. In general, no changes were observed in MDH, except for 'Babá de Verão'. Afterwards, higher activity occurred at 42°C, which may have been due to increased respiration events.
Alcohol dehydrogenase (ADH) operates in the respiration process, by removing toxic substances from the seeds, such as acetaldehyde and ethanol, which are produced when cells begin the anaerobic activity. In the early stages of germination, starch degradation is carried out in almost all anaerobic process until seed coat is broken by the output of the embryonic axis.
The expression of ADH in seeds was quite pronounced, suggesting intense anaerobic respiration activity. Nevertheless, seedlings generally did not present activity (TUNIS et al., 2011) . ADH activity increased for 'Everglades' at 20°C; for 'Grand Rapids' at 30°C; for 'Elisa' at 25°C; and for 'Babá de Verão' at 40°C.
In this work, the highest expression of ADH occurred for 'Babá de Verão', at temperatures from 40ºC to 42ºC ( Figure 5 ). By observing the results of germination at this temperature, seeds did not germinate since they are dormant. Thus, it can be inferred that seeds began to perform anaerobic respiration. Moreover, 'Grand Rapids' and 'Babá de Verão' showed intense activity at temperatures from 20ºC to 30ºC. With oxidative stress, promoted with increasing temperature, free radicals are produced and the accumulation of toxic substances generated by oxidative processes. The events that comprise the seed deterioration process may cause excessive production of reactive oxygen species (ROS), and the overproduction of these functional groups is limiting for plant growth and development (CARVALHO et al., 2009) .
However, the plants have a primary defense antioxidant enzyme system capable of eliminating ROS, such as the enzymes CAT. The balance between the excessive production of ROS and the ability to activate the antioxidant defense system will reflect on the ability of these seedlings to overcome the stress (BANDEIRA et al., 2014) .
Increased activity for pyruvate decarboxylase (PDC) was found for 'Everglades' at 20°C; for 'Grand Rapids' at 35°C; for 'Elisa' at 25°C; and for 'Babá de Verão' at 40°C (Figure 6 ). PDC participates in the anaerobic metabolism at the stage of glycolysis, when it acts as redactor agent, converting acetaldehyde reduced to ethanol by ADH. This enzyme acts breaking the pyruvate present in the cytosol of cells that produce acetaldehyde.
This enzyme is a precursor of the alcohol dehydrogenase enzyme. Therefore, it is possible to observe direct relationship between the expression of these two enzymes.
CONCLUSIONS
At 35°C, germination is limited for of 'Elisa', 'Grand Rapids' and 'Babá de Verão' lettuce cultivars, but not for 'Everglades', which presents germination above the commercial standard at this temperature, and is therefore considered thermotolerant.
'Everglades' is a potential genotype to be used in breeding programs aiming at selection of genotypes for regions of high temperature, such as the northeastern of Brazil.
Catalase can be used as enzyme-linked selection marker for thermotolerant lettuce seeds.
